Abstract. The purpose of this research paper is to find the expected incomes in open Markov queueing networks with incomes, positive and negative messages at any time by the multidimensional transformations. Investigations were carried out in cases when incomes from the network transitions between the states are deterministic functions not dependent on network states and time. It is assumed that all network systems are one-line. It was proved the theorem on the expression for the multidimensional z-transform. An algorithm was proposed for calculation of expected incomes. It is calculated an example on the PC.
Introduction
Markov networks with incomes (HM-network) and G-networks are widely used as mathematical models of various objects in computer sciences and other fields [1] [2] [3] . For example, G-network can be used to model the behavior of viruses in the information and telecommunication systems and networks for forecasting expenditure when it is in contact with viruses [4, 5] . In this case an important task is to find such expenditures in the systems of the considered network. Previously in work [6] for finding the expected incomes of systems of HM-network with many-type messages networks a method was proposed of successive approximations, combined with the method of series. In it was considered a closed exponential HM-network with limited waiting times in queues queueing messages. In [7] , it is proposed a method of finding the expected incomes of systems of HM-open queueing network (QN) with a one-line systems of QN (QS), positive and negative messages in the case, when the incomes from the state transitions are deterministic network functions depending on network states does not depend on time. Such a technique to find the expected network incomes of systems via PC for an infinite number of network states in a reasonable CPU time.
In this paper, we consider another method based on the application of multivariate z-transforms. If we introduce into consideration multidimensional z-transforms for expected network incomes of systems, we obtain for their relations in this way, as in [1, 8] . On the basis of these relations we can propose an algorithm for calculating the expected incomes [9, 10] for the open G-network with incomes.
QN description. Formulation of the problem
Consider an open QN G-network with n one-line QS. In QN i S come from outside independent Poisson flows of positive and negative messages with intensities . The actions of negative messages are described in [2] [3] [4] [5] . Positive message serviced in the QS i S , with probability + ij p is directed to QS j S as positive message, and with probability − ij p -as negative message, and with probability ( )
The message during the transition from one to another QS brings its system, and some income of the first system is reduced by this amount respectively. Consider the case when the income from the state transitions are deterministic functions of the network, depending on network states. The network state will be the vector
-the number of messages at the time moment t in system i S ,
-the total expected income, which gets the system i S during time t, if at the initial moment the network is in a state k , and assume that this function is differentiable in t. We introduce the following notations: i I -a vector of dimension n, consisting of zeros, except for the component with number of i, which is equal to 1, 
It is necessary to find the expected network incomes of systems during t, if we know its state at the initial time.
Analysis of incomes in network by z-transforms method
We introduce multidimensional z-tranforms for expected income of system i S :
Multiply the system of equations (2) , from 0 to ∞. Consider some sums included into converted system of equations. It can be shown that
where Thus, using (3)-(10), the system of equations (1) after the above transformations we got approval.
Theorem. The function ( )
Consider the last sum in (12). Suppose that incomes ( ) 
Let
. We introduce some notation related to z-transforms of incomes of systems i S :
. .
( ) ( )
And in the function arguments i v between j i k zeros can not stand, it is only important to
. We present an algorithm for finding the expected incomes, using the relation (12).
Algorithm for finding of incomes

0-
Step: it is necessary to define ( ) ( ) 
To do this, multiply the equation (3) and summing over all l k , n l , 1 = , from 0 to ∞. Taking into account that
the sums of (3)- (10) can be rewritten in the following form:
Obviously, it is equal to zero if 
and taking into account (16),
And obviously,
Similarly, we obtain that
( ) 
Taking into account (14)-(21), the system of equations (1) after the above transformations we obtain for z-transforms 
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The ratios (12) can be rewritten as follows:
Make use of the algorithm described above to find the expected income of system 2 S . 
, if the initial conditions are:
. In Figure 1 there is a graph of income 2 S at 2 1 = k , 2 2 = k . 
Conclusions
The practical importance of the results lies in the fact that with the help of the proposed method one can find the expected incomes of systems considered network with an infinite number of states.
